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ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce forward voltage and uniform and improve the 
light emitting efficiency by providing a specific layer in a light emitting 
part and an oxide layer in a window layer respectively, allowing a layer 
including a metallic element between the light emitting part and window layer 
to have a non- covering area on a laminated plane, and providing an electrode 
thereon. 

SOLUTION: A thin film 106 made of Ni is adhered to the surface of a p-type 
(AI0.7Ga0.3)0.5ln0.5P upper clad layer 105 through a general vacuum evaporation 
system. A widow layer 1 07 f ormed ofjvty_pe conductive zinc oxide film is 
jointed with a metal thin film 106. An insulation film having a smaller 
refractive index than the zinc oxide is laminated as a surface protective film 
108 of the oxide window layer 107 on the surface of the window layer 107. 
Then, a silicon nitride protective film 108 is removed and the zinc oxide layer 
forming the window layer 107 is exposed, so that a p-type electrode 109 of 
double-layered structure, where a lower bottom part 109a in contact with the 
zinc oxide layer is set to beJTi and an upper layer part 1 09b is made of Al is 
formed. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the AlGalnP light emitting diode of the high brightness 

equipped with the oxide window layer which has good ohmic contact nature. 

[0002] 

[Description of the Prior Art] YInl-YP (0<=X<=1, 0< Y<=1) (AlXGal-X) (It abbreviates to AlGalnP 
hereafter) Especially 0.5In0.5P (0<=X<=1) that set an indium presentation ratio (= 1-Y) to 0.5 
(AlXGal-X) by being in plural mixed crystal There is an advantage which can achieve a gallium 
arsenide (GaAs) single crystal and good grid consistency (refer to Appl.Phys.Lett., 57 (27) and (1990), 
and 2937 - 2939 pages), for this reason — for example, it is used as a configuration layer of light 
emitting devices, such as light emitting diode (LED) which carries out outgoing radiation of the red 
lamp system color from a green system, or laser diode (LD), (refer to Appl.Phys.Lett., 64 (21) and 
(1994), and 2839 - 2841 pages). 

[0003] It is in the high brightness LED of double hetero (DH) structure of the conventional pn junction 
mold, and it has been usually to arrange a window layer (window layer) above DH structure light- 
emitting part with which it had the AlGalnP luminous layer (refer to SPIE, Vol.3002 (1997), and 110- 
118 pages). A window layer needs to consist of big semiconductor materials of a transparent band gap to 
luminescence which cannot absorb luminescence from a luminous layer easily in order to raise the 
ejection effectiveness of luminescence. Moreover, since it is the crystal layer which also bears the duty 
which diffuses the component operating current extensively in order that a window layer may expand 
luminescence area, conventionality consists of matter of low resistance as much as possible. 
[0004] Conventionally, there is an example which constitutes a window layer from a transparence oxide. 
For example, in AlGalnPLED of invention of the American patent No. 5,481,122, the window layer 
which consists of indium oxide and a tin (indium-tin oxide: abbreviated name ITO) layer on p form 
ohmic contact layer is arranged. Moreover, a means to prepare the tapetum lucidum which consists of 
indium oxide, tin oxide, and a zinc oxide and a magnesium oxide is indicated (refer to JP,1 1-17220,A 
description). 

[0005] Moreover, the technique of preparing an ITO layer through the zinc (Zn), or golden (Au) and Zn 
alloy film prepared all over the laminating front face of p form group-Hi- V-semiconducter crystal layer 
which constitutes AlGalnPLED is indicated (refer to JP,1 1-4020, A description). If it compares with the 
semiconducting crystal ingredient which constitutes AlGalnPLED, such a metal and the alloy film will 
be good conductors. Therefore, there is an advantage which turns to an AlGalnP light-emitting part the 
component operating current which circulates from the electrode laid on the ITO window layer, and can 
diffuse it broadly superficially. 
[0006] 

[Problem(s) to be Solved by the Invention] It is in LED of the method which takes out luminescence 
from an oxide window layer side outside, and luminescence from the field of the lower part of an 
electrode established in the window layer is covered by the electrode, and cannot be efficiently taken out 
to the exterior. Therefore, the operating current which circulates to the **** field of an electrode 
prepared in the direction of ejection of luminescence will not carry out particular contribution to 
improvement in external luminous efficiency, but will be wasted. 
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[0007] In the conventional invention indicated by JP,1 1-4020,A, it has the composition that a metal 
membrane is arranged all over directly under [ of an oxide window layer ]. That is, it has the 
composition of circulating the component operating current also to the field to which luminescence is 
covered with an electrode. For this reason, that efficient high brightness-ization cannot fully be achieved 
poses a problem. 

[0008] In this invention, it is in AlGalnPLED equipped with the laminated structure of an oxide window 
layer / metal (alloy) layer / p form group-HI-V-semiconducter LED configuration layer, and 
AlGalnPLED equipped with the laminated structure which can circulate the operating current efficiently 
is offered. 
[0009] 

[Means for Solving the Problem] The artificer reached this invention, as a result of carrying out efforts 
examination wholeheartedly that the above-mentioned technical problem should be solved. Namely, this 
invention is set to [1] light-emitting part, a window layer, and the light emitting diode that has an 
electrode. A light-emitting part contains a YIn(AlXGal-X)l-YP (0<=X<=1, 0< Y<=1) layer. It has the 
layer in which a window layer contains a metallic element between a light-emitting part and a window 
layer including an oxide layer. The light emitting diode of p side rise mold with which the layer 
containing this metallic element is characterized by having a non-covering field on a laminating flat 
surface, and having an electrode on this non-covering field, p side rise type according to claim 1 with 
which the layer containing [2] metallic elements is characterized by carrying out ohmic contact with the 
layer by the side of a light-emitting part of light emitting diode, [1] to which the layer containing [3] 
metallic elements is characterized by including nickel, or the light emitting diode of p side rise mold 
given in [2], [1] to which the layer containing [4] metallic elements is characterized by including nickel 
oxide, or the light emitting diode of p side rise mold given in [2], [5] window layers are related with the 
light emitting diode of p side rise mold given in any 1 term of [1] - [4] characterized by including a zinc 
oxide. 
[0010]. 

[Embodiment of the Invention] In this invention, it is aimed at the so-called p side rise type with which 
the group-III-V-semiconducter crystal layer arranged in the direction of ejection of luminescence of the 
upper part consists of a p form layer of AlGalnPLED to the AlGalnP luminous layer. 
[001 1] The layer (it abbreviates to a metal layer hereafter) containing the metallic element concerning 
the operation gestalt of this invention can be formed in the front face of p form group-III-V- 
semiconducter crystal layer which is also a deposit-ed of the window layer (it abbreviates to an oxide 
window layer hereafter) which constitutes AlGalnPLED of p side rise mold, and contains an oxide with 
the following technique. 

(1) How to make the metal layer corresponding to the field which is due to form an electrode using a 
well-known patterning technique correspond to the base configuration of an electrode, and to once 
remove it selectively all over a deposit-ed after making a metal layer put. 

(2) a metal layer is put, after having a flat-surface configuration corresponding to the base configuration 
of an electrode in the field which is due to form the electrode of the front face of a deposit-ed and 
covering with covering material, such as photoresist material, beforehand - making - a lift off (lift-off) 
— how to remove selectively only the metal layer in the formation schedule field of an electrode using 
law etc. 

[0012] As for the flat-surface configuration of a field of removing a metal layer selectively, it is 
desirable that they are the flat-surface configuration of an electrode and parallelism. For example, if it is 
in a disc electrode, it is desirable to also make circular the field which removes a metal layer. Moreover, 
as for the core of the flat-surface configuration of an electrode, and the core of a field of removing a 
metal layer, it is desirable to carry out abbreviation agreement. The plane area of the field which 
removes a metal layer presupposes that it is the same as that of the area of base of an electrode, and 
abbreviation, the area of the field which removes a metal layer - the area of base of an electrode - 
comparing - extremely - size — then — so much — high [ of an oxide window layer and an LED 
configuration layer ] - the field which can circulate reduces the increase of the area of a junction field 
[ **** ], and the operating current. Therefore, trouble is caused to high brightness-ization. As for the 
plane area of the field which removes a metal layer, it is desirable that it is [ of the area of base of an 
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electrode ] the 1.2 times [ 0.7 to ] as many range as this about. 

[0013] Moreover, in this invention, if a metal layer is constituted from a metal which makes the layer by 
the side of light-emitting parts, such as p form group-Hi- V-semiconducter crystal, and ohmic contact, a 
more desirable oxide window layer will be obtained. There is a well-known golden-zinc (Au-Zn) alloy 
in the metal which can form p form group-Ill- V-semiconducter crystal layer and ohmic junction. 
Moreover, there are simple substance metals, such as nickel (nickel). Moreover, there is an alloy 
containing nickel, such as a nickel-aluminum (nickel-aluminum) alloy, nickel-gold (nickel-Au), nickel- 
titanium (nickel-Ti), nickel-silver (nickel-Ag), nickel-molybdenum (nickel-Mo), and nickel-copper 
(nickel -Cu). These metal layers can be put using a general vacuum deposition method, a RF-sputtering 
method, etc. 

[0014] When a metal layer is constituted from nickel or nickel oxide (NiO), a group-HI-V- 
semiconducter configuration layer and good ohmic contact nature are demonstrated, and it is desirable. 
When NiO is used especially, the oxide window layer which is excellent in translucency is constituted. 
[0015] The metal layer which consists of NiO can be put using the target material which consists of 
NiO. Moreover, on the front face of a group-Hi- V-semiconducter configuration layer, it is oxidized and 
it can form, after making the film which consists of a nickel simple substance once put. Moreover, after 
making the film which consists of a nickel simple substance put, the oxide layer which makes a window 
layer is succeedingly deposited on it, and if heat treatment is performed the appropriate back, nickel film 
will oxidize by the oxygen contained in the oxide layer, and it will be changed into NiO. 
[0016] An oxide window layer can consist of a zinc oxide (ZnO), tin oxide (Sn02), indium oxide (In 
203), titanium oxide (TiO, Ti02), an oxidation gallium (Ga 203), NiO, manganese oxide (MnO), 
copper oxide (CuO), etc. Moreover, it can constitute from multiple oxides, such as ITO. Luminescence 
of a red lamp color band region by which outgoing radiation is especially carried out from an AlGalnP 
luminous layer is made into the band gap which can fully be penetrated, and the oxide more than about 2 
electron volt (eV) can be preferably used as a component of a window layer, a band gap writes — it is 
[ like ] large, and it is made specific resistance and the conductive oxide ingredient of about 1 milli-ohm 
cm (momega and cm) or the low resistivity not more than it can be used for dominance as a window 
layer which makes the current diffusion layer which diffuses the operating current of LED superficially 
serve a double purpose. 

[0017] A window layer can be constituted even if it carries out multistory [ of two or more oxide crystal 
layers ]. If it carries out multistory [ of the crystal layer which consists of an oxide which is different in a 
refractive index ] so that a refractive index may be turned up and it may become smallness gradually, 
penetrating luminescence by which outgoing radiation is carried out can constitute a convenient window 
layer from a luminous layer. For example, there is an example of the multistory structure window layer 
which sets a lower layer to ITO and uses the upper layer as a zinc-oxide layer. 
[0018] It is in this invention which prepares an oxide window layer on the group-HI-V-semiconducter 
configuration layer of p form, and about an oxide window layer, if ZnO is constituted as a subject, it will 
become convenient. As a group-HI-V-semiconducter crystal, zinc is served as a p form impurity. For 
this reason, even if the zinc which constitutes a zinc oxide invades in p form group-HI-V-semiconducter 
configuration layer, a group III-V semiconducter can hold conduction of p form, and will depend on an 
advantageous thing. The oxide which makes ZnO a subject points out the oxide which contains this 
matter as a principal component. For example, there are multiple oxides, such as indium oxide and zinc, 
and an oxidation gallium, zinc. 
[0019] 

[Example] By this example, AlGalnPLEDIO equipped with the window layer which consists of ZnO on 
the epitaxial laminating structure 20 is made into an example, and this invention is explained to a detail. 
Drawing 1 is the cross section of LED 10 concerning this example. 

[0020] The laminating structure 20 consisted of the (Silicon Si) dope n form GaAs single crystal 
substrate 101, the Si dope n form GaAs buffer coat 102, an Si dope n form (aluminum0.7Ga0.3) 
0.5In0.5P lower cladding layer 103, undoping (aluminum0.2Ga0.8) 0.5In0.5P luminous layer 104, and a 
(Magnesium Mg) dope p form (aluminum0.7Ga0.3) 0.5In0.5P up cladding layer 105. each class of the 
epitaxial configuration layers 102-105 - trimethylgallium (CH3) (3Ga) / trimethylaluminum (CH3) 
(3aluminum) / trimethylindium (CH3) (3 In) / phosphine (PH3) system reduced pressure MO-VPE — it 
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was made to grow up at 730 degrees C by law The source of doping of magnesium used screw- 
cyclopentadienyl Mg (bis-(C5H5)2Mg). The source of doping of silicon was made into the disilane- 
hydrogen mixed gas which contains a disilane (Si2H6) by the concentration of about 10 volume ppm. 
[0021] The GaAs single crystal which inclined 4 degrees in the <01 1> directions was used for the 
substrate 101. The carrier concentration of a substrate 101 was abbreviation 2xl019cm-3, and thickness 
was about 300 micrometers. The thickness (d) of the GaAs buffer coat 102 set to 1.5 micrometers, and 
set carrier concentration (n) to abbreviation 2xl018cm-3. The lower cladding layer 103 set to d= 3.5 
micrometers, and was set to n=3xl018cm-3. The luminous layer 104 set to d= 0.2 micrometers, and was 
set to carrier (concentration p) =lxl017cm-3. The up cladding layer 105 set to d= 1 micrometer, and 
was set to p=7x 1 0 1 7cm -3 . 

[0022] The film 106 which consists of nickel with a general vacuum deposition method was made to put 
on the front face of the p form (aluminum0.7Ga0.3) 0.5In0.5P up cladding layer 105. Thickness could 
be about lOnm. It was checked by looking that the nickel film 106 immediately after covering is gray. It 
was made similar to the base configuration of an electrode behind established on an oxide window layer 
using a general photolithography technique, and the nickel film 106 in the field which is due to form an 
electrode was removed on the rear-spring-supporter selection target to the circular field with a diameter 
of 130 micrometers. Abbreviation agreement of the core of the flat-surface configuration of an electrode 
and the core of a field of having deleted the nickel film 106 was carried out. 

[0023] On the metal layer 106, the window layer 107 which consists of zinc-oxide film which presents 
conduction of n form was joined. The oxide window layer 107 consisted of aluminum dope zinc oxides 
which make specific resistance abbreviatio n 9xK)^ ohm-cm by the RF magnetron sputtering metnoq. 
Thickness of the zinc-oxide layer deposited at aooUt 300 degrees C was set to about 0.25 micrometers. 
[0024] On the front face of a window layer 107, the insulator layer which consists of Si3N4 (refractive 
index 1 .9 [ about ]) which has a refractive index smaller than a zinc oxide (refractive index = 2.0) was 
deposited as a surface protective coat 108 of the oxide window layer 107. The silicon nitride protective 
coat 108 was made to put by the well-known plasma-CVD method which uses a mono silane (SiH4) and 
ammonia (NH3) as a raw material. Thickness could be about 0.15 micrometers. 
[0025] The golden (Au)-(germanium germanium) alloy (5 % of the weight of 95 % of the weight- 
germanium of Au(s)) film was made to put on the rear face of the n form GaAs substrate 101 with a 
general vacuum deposition method. Thickness could be about 0.5 micrometers. Alloying (alloying) 
processing was performed for 10 minutes at 430 degrees C the appropriate back and into the argon (Ar) 
air current, and it made with n form ohmic electrode 1 10. 

[0026] if it is after alloy (alloy) processing, the above-mentioned nickel film 106 is decolorized — 
having — abbreviation — becoming transparent was checked by looking. Since the nickel film 106 was 
changed into nickel oxide (NiO), this is considered by the oxygen contained on the zinc-oxide film 107 
which makes the upper layer of the nickel film 106. 

[0027] Next, the silicon nitride protective coat 108 in the field which forms p form electrode 109 was 
selectively removed using the well-known photolithography technique. The silicon nitrid& j)rotective 
coat J 08 was removed and p form electrode 109 of the multistory structure which set to Ti lower base 
section 109a which touches a zinc-oxide layer, and set management 109b to aluminum was formed in 
the field to which the zinc-oxide layer which makes a window layer 107 was exposed, p form electrode 
109 was made into the disc electrode which sets a diameter to about 120 micrometers. 
[0028] When conduction of the current of 20mA (mA) was carried out in the forward direction between 
p form electrode 109 and n form ohmic electrode 1 10, luminescence of a red lamp color was obtained 
from the whole abbreviation surface of a window layer 107 by about 1 appearance. The luminescence 
wavelength measured by the spectroscope was about 61 8nm. Moreover, the half-value width of an 
emission spectrum is about 19nm, and luminescence which is excellent in monochromaticity was 
obtained. Moreover, the ohmic junction nature between the up cladding layer 105 and a window layer 
107 became good by disposition of the metal layer 106. For this reason, forward voltage (@20mA) was 
averaged and was reduced by 2.1 volts (V). Moreover, the forward voltage between LED was contained 
by the uniform range of 2.1V**0.1 V. Luminescence reinforcement reached the about 66mm candela 
(mcd). 

[0029] (Example of a comparison) Without making nickel (NiO) film intervene on the front face of the n 
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form (aluminum0.7Ga0.3) 0.5In0.5P up cladding layer which makes the maximum front face of the 
epitaxial laminating structure of a publication in the example 1, directly, the oxide window layer which 
consists of a zinc oxide was joined, and AlGalnPLED was constituted. 

[0030] The forward voltage at the time of AlGalnPLED formed in the example 1 by the technique of a 
publication setting forward current to 20mA became about 6 V and a high value. Since the metal layer is 
not made to intervene between an oxide window layer and a group-Ill- V-semiconducter configuration 
layer, it is based on the ohmic contact nature between both layers being poor. The main wavelength of 
luminescence was about 618nm like an example 1 and abbreviation. Moreover, luminescence was not 
accepted from an abbreviation of an oxide window layer at large, but luminescence was accepted only 
from the **** circumference of a periphery edge of the electrode on a window layer. Since 
luminescence area was limited extremely, the luminescence reinforcement in a chip condition stopped at 
about 20 mcd(s). It was proved that forward voltage is low although it excels in ohmic contact nature 
with the conventional configuration which does not arrange a metal layer in the specific location related 
to the flat-surface configuration of an electrode so that it may describe in this example of a comparison 
therefore, and it is disadvantageous to obtain AlGalnPLED of high brightness. 
[0031] 

[Effect of the Invention] If it depends on this invention, since good ohmic contact nature is obtained in 
the oxide window layer of AlGalnPLED and the operating current can be diffused in a luminescence 
side, forward voltage is low uniform and the component of the high brightness which is excellent in 
luminous efficiency can be offered. 

[Translation done ] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/14/04 



(19) B*BttfFri* (J P) 



<«> & BB *l# It & ■ <A> 



#^2001 -36131 
(P2001-36131A) 

(43)&H| H ¥*fcl3<*P 2 9 B (2001. 2. 9) 



(51) IntCl. 7 
H0 1L 33/00 



F I 

H0 1L 33/00 



T-73-r(#%) 
A 5F041 



*2ESfcR »«3g©«5 OL (i5l) 



(21)ffiS#^ 


&K¥H-206039 


(7DMSA 000002004 








(22)tHHB 


¥-mi¥7 ^218 0999.7.21) 


scscib§k2*r 1 tb 13$ 9 # 






(72)56W# ^ffl/H It 






«f5*ftXrrF^1505#flfi uafnsitf 












(74)ftHA 100094237 






#a± KB ¥■ 






F*-A<##) 5F041 AA03 CA04 CA34 CA65 C802 



(54) mm<D%m A l G a I n Y>Wt?-(*- K 
(57) [gttl 

A 1 G a I nPLED . 



1 0 



10 9a. 



1 0 8 

1 0 7 

1 0 6 

10 5 

1 0 4 

1 0 3 
102' 

1 0 1 



10 9 

10 9b 



3L 



10 8 

10 7"''* 
1 0 6 fJf* 



2 0 



1 1 0 



12/14/04, EAST Version: 2.0.1.4 



(2) 

1 

jJ—HCfcWt. f&tMtf (A liGai-i) v I m-vP 

pIM FT v TffiofcJIW'f *- h . 

5y?«8lil/tMft£i: £fflft t ft «*Jf 1 10 
PtM YT-vTW<Wtfty4 *-F. 

[f*£«4 ] £«^^tfl*\ Kit- 7 ^£ Mr 
£fc*1«fc*ftll^l*fcUt2WBIt*>P"'M FT* 
•y7^0lBer>f :t— F. 

fS^Jg 1 ~4 *>vvtffi*» 1 JHtEttW P 1M FT 7 T£> 
OHJt^*-K. 20 

[000 1] 

■tmmmmzmtKimmnA 1 g a i n p&w 

[0002] 

[ft*J$ffi] (A lxGai-x) y I ni-jP (OSXS 
1, 0<YS1) (BIT. A 1 Ga I nPiB&-t) ^7C 
aUHc*r>T, ^yj/'^Affl^Jt ( = 1-Y) * 
0. 5fctft (A lxGai-x) 0.5 I no.sP (OSXS 30 

l ) tt» BMbyy^A ( Ga A s ) JNSAkjyfffcffrP 

»dttt«fc*6ifWi*«** (Appl. Phys. L 
ett. , 57(27) (1990), 2 93 7~2 9 

aj«t*»36r-f*-H (LED)^V^I/-f-^ 
*-F (LD) «0>jfc^<9«jSBfc LTfflfflSftT 
Ir^ (AppI. Phys. Lett. , 64 (21) 

( 1 994). 2839-284 1H#HS) . 

[0003] &#<Dp nft&SJO, ^/AAfn ( D 
H) ffijSo^jgLEDlC&^T. A 1 Ga I nPfgft 40 

«3Wii.^<i3tDH»a«3e»»±*fc:a. om 
vk^jb) ^S£a-ri»»*«t^oTv^^ op i 

E, Vol. 3002(1997). 110-118H 

iiwtflaitc«aH^ft!4at,fflatsjit«T*«3&»6, as 

[0004]^*. JM*9MUW&«tl&tftM# 50 



1WB2 0 0 1-36131 

2 

*«. , T* 'J *£mm&%5 , 4 8 1, 12 
2-f O&HJJOA 1 G a I n P LE DTti, pJfr*-5 v 
9*V99Ym±i&LftA> i J*?J*-» (indium 
-tin oxide:llStJTO)lHM»' 

sasfuc^ft. tfz, mtfvwj** mm, mt 

mmrmrrr* is* a*^ fcft 3§0JM£ IWt ft ¥S 
jMS^SflT Hft (fRfHFP 1 1-1 7 2 2 O-SHHSWiffl 

[000 5] I TOJg£\ A 1 Ga I n PLED 

m&tlpBl I I -VgHk^l^WeefiJB^SJB 
3®*>£fiHclWtfc ,iBB(Zn)*L<ttA(Au) 

• Zn^MSr^LTiS(tftSffi*W$flT^ft 
HHP1 1 - 4 0 2 0^fgBBiffl*#B3) , AlGaln 

p l e d £aw«- i^mftm&miizitmtui . ^ 

ft . ftoT , IT 

±KU»snfc«*&»feiiiiis<ift*^»ff«atA i 
fij£#&ft. 

[0006] 

HWW^U:3fc1-ftMH IMI2MM<II»6X% 

0 Hi U*lS0{ct6»tfcS«w^fH«tiSBi§ tiftiWtt 
SBis ^l!3ISas^i*F±W!8tfcftltlK*-arf , 
Sitftifc fc&ft. 

[0007] ttflppl 1-402 O-^fRtiBttSixft 
a$ftftfl|j£fc&-pT^ft. BP*>. mSteJDJfcta'a 

«siift*«tcts mmimvimMZitzffi&t* 

fcVHOtflSJHfcifiro'T^ft. 

[0008] *%BJ"C{±. (££) 1 

/pmi i i - v&fltewms* l e Dffi&mcommm 

itSrd^^AlGal nPLEDCft^, %«ttKHl 
#€^^0f[a-e^ ftSJB»JS*flli.fc A 1 G a I n P L 
ED£»Tft. 
[0009] 

wfe. [ i ] Rx/nm^i- 

hW£?4*-WZ&\X. MMAhGa.-O 
»I m-vP (0SXSL 0<Ygl) B***. 

B^*L. S&5l7aR**tjJB*q»B¥ilLhfc*iV^^ 
tSSffiftSlrWL. ^MftWa«Lht:«aB**-fftii:S: 

*sa t -r ft p -t-f f 7 >/ 7ia««*r-f h . 121 

T^ft£fc£&afci-ftfs^iKfe®op-<M P77 
-rmrmtyj h. [ 3 ] AjeaRSr^tm* 4 . ~ 



12/14/04, EAST Version: 2.0.1.4 



(3) 

3 

v*fr&'kttzbifflik't& [l] ttdi. [2] KIE 
tOpt-f HT'/rffl^^^^-H, [4] &JStc 

[ 1 ] ttdi [ 2 ] KiBttOPlM HT-y^lOMy 
4 *- F , [ 5 ] 3gJltf\ KflaBBSriftri t iW&t 

tl 1 1 ] ~ [4 ] w^-ni^us^iais^p^ FT 

-y 7lf<0»3fc*W *- F , izmtl . 
[0 0 10] 

[fKH<0**tf>#»] *#0!'CM\ A 1 Ga I nPf&ft 

fcl I I - V^WiftS B Wpfl*^^oT 
V*6, Brlf, P+M FT-xTMOA 1 Ga I nPLED 

[0011] #f^<o£*#ttfc^S&flesR*-£t» 

Gal nPLEDJKU ifc, BKkft^^tflga 

I l-v«Kk^4^^*lO«Bfc%WllBr*i6t 

tot awe**. 

mZit. »J7h-*7 ( 1 i ft-off)^flffl 
[0012] 30 

MmizitKxmmizjzt-ftitf. wamimmist 
nm%mx°z&mmm'ht&, m->x, -mmuz 
immcr>±K. 0. 7flw»i5>i. 2&<Dvmx'hz><ntf 

[0013] ifc*5EW«±&SMI*. pII I 1-V 

iM&mmmmnffiMmnm b *- s «/ 9 wk 
mtih. pbi i 1 -vw&&tommjuat*-- 

$v?&&i:fM?*l&mMt* «»tf)£-Stt (A 
u-Zn) $tz. (N i ) %k'C0 

&W&mtfh&. ifc, -'y^-T/l'Sa-)^ (N i 
-Al)^1^7^(Ni-Au)^7^ 50 



WBB20 0 1-36 1 3 1 

4 

-f-^y (Ni-Ti), —.y-Jr^-jR (N i -A 
g) x Z 7 ^- : E l j7'fV ( N i -Mo) , -vtril 
-m (N i -Cu) & if <9Ni£ Ztl 

[0014] #Ii5:Ni^t-7^KNiO) A 1 

^mE-r^i: 1 1 1 -vmfcswmiwmMtBW* 
7 mm&b^mtixmiw mz. n i o 

*. 

[0015] Ni 0*»fe44AKWiMilf , N i 0*> 
6<r*^-y"yh«tfflV»T*WC*4. Ill 

-vmt&®*wmnfmcr)mm±.iz-§., nuha* 
&*o±fcJMMr«M^**Ku $*m, mm 

[0016] Mttf . IKHftfi ( Z n 

O) s Rfcftft (SnOt) . Kfltf >5*>A ( I n 

2O3 ) . mtf-?v (t i o. t i 02 ) . iwberu *y 

M. (GazOa) , NiO, Wtft^ytfy (MnO) , K 
ffl(CuO) mfrimsx* Z.itz. I TO&ifo 
S£im^»e#*. mz. A 1 Ga I nPM 

*. m±&m< / ZlX®2X.]s? buytflUb (eV)H 

iftl 5'J>f-A • (mfi • cm) 

*nmT«X£Jfifii*<0. ^ttttcoK-(k!ilttf4(i:. LED 

[0017] m&mtivmmzmzitx 
htm-cth. mmz±.Mzmxwid;. ^t^im 
izmmzm-timmfrtez&mzmzitti 

[ 0 0 1 8 ] pBv I 1 1 -v&-fbim^M§i£!± 

izmmmmwn *%wizh -> x . mamm* . 

ZnO£±#}:lXm&t%bttU&b%h. III- 

viwtMi*»*wtJi'ett. ffiiS(iP^*fi'ftt l-c^ 

mi 1 1 - vMfc^tmtm&mmzmA lx t , 1 
1 1 -vm<t^wmmtpmm^mT^mT 
hhzbizfoh. znoz$&b-fz>mwib\t. ma 
^umb Lxtt-thmm*m. mta. mt 
a ■ wwmctfvvA ■ mmb'coM&mt 

[00 1 9] 
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5 

0±£, ZnO*>l»5r4ffl|*iifcA 1 Ga I nPL 
ED 1 OfcWfcLTs *^?r!%«eHI^-ri.. 12 Ki 
*HttWfcffifc«. LED 1 0<OBfffifR3!CEat , »6. 

[0 0 20] 8UHffiftf4c2 0tt s 3* ( S i ) h'-Tn 
^GaAs^|SfB»Kl 0 1 , S i H-TnigGaAs 
■Ml 0 2, S i h'-Tn® (Alo.vGao.a) 0.5 

I no.5PT$:77y h'll 03, TVY—T (A lo.t 
Gao.s) o.5 1 no.sPfBtSl 04, Mf*??*^ 
M. (Mg) b'-TpJg (A 1 o.7 Gao. 3) o.5 I no. 5 P 
Jt**5vWil OSfrWfJftU:. xh'^Jf^/HS 
JKJffl 0 2-10 5£>&lf±, h'J^-?-;^U^A 

( (CHs) 3Ga)/bWf^7M-^ ( (CH 
3) 3 A 1 ) /MJ^f/Nyy^A ( (CHs)sI n) 
/*X7j> (PHs) #jSEEMO-vPEftfc:J:i57 

^-^^D^.y^^'X-;HVIg (b i s - (C5H5) 2 
Mg) fcfljvvfc. S*cOH-ey^a|{i:, yy7> (S 
izHs) «rftlO{««PPm(r)«jrr*t*yV5y-* 

[002 1] ££1 0 ltC{±, <0 1 l>#|ftjt4' ffl 
KUcGaAsfiS B H B 5:ffll*. ££1 OlO^'JT 
«SEli»2X 1 0 19 cm-3-C\ Iflijfj3 0 0^mt* 

GaAsjfffiJfl 0 2(r>mW- (d ) HI . 
fcU ^-VUT?M (n) (±&/2X 1 0 18 cm" 3 t L 
.fc. KJBl 03ttd = 3. SjumiU n = 

3X1 0 18 cm-3tL!t. f&ftJfl 04(id=0. 2/z 
mtL, dM-y7»K (p) =1X1 O 17 cnr 3 t L 
fc. ±fSB75y HJBl 0 5{±d=l/xmt L, p = 7x 
1 O n cm- 3 tU. 

[0 0 2 2] pj^ (A 1 ojGai.3) 0. 5 I no.5P±gP 
? 9 y H@ 1 0 5 ^tSlcfi, HRW* J8S!t»ftt:: i 

0 n i frt>%m 1 0 6 fit^tt. atmtto 1 0 n 

mi: Ltz. mm.W)N i JR 1 0 6tiRfrca*<3jWH 

*r , nmiBfcth^nmmz&z, n i m 1 0 6 

£ , B£ 1 3 0 /* m<0PBWB«C*>fc 0 a«Wfclfc* l 

fc . wwwwv&'Mb n i jr 1 0 6 mm ttzm 
[0023] &m 1 0 6±(cti, nmnrnzmtz 

BMtaE»«i*»fe**JSW 1 0 7 BHbm: 
ill 0 7(iitffittSr^9X 1 0" 4 Q • cmitiA 1 H 
-7lMtEtta»& , WSJ*-?*"* hoy^/<7 * y y^' 
J6CJ: DflRLfc. &3 0 OTOMLfcWiaBMto 
mZltm. 25 umtUz. 
1 0 0 2 4 ] £j| 1 0 7<7)*lffi±Kli, KftSIB ( Jg#T 
$=2. 0) J:i5i/h3fcJB*r***-f6Si3N4 (1 

*w« 1.9) tp^^immmmm 107 com 
mm® lost txtm Ltz. ammam 1 0 8 



4) ^20 0 1-361 3 1 

6 

lit/y^y (Si ho bry^-T (nh 3 ) 

fc1-*^<075X^CVDfcfcJ:9tt!t3-£fc. JgJ? 
J*ft0. 1 5jumk Lfc. 

[0 02 5] nfGaAsitl 0 1Og|g«2, & 

(Au) -^7^>?A (Ge) (Au 9 5fii;% 
-Ge 5S*%) )»£HI^*aSK*&fcJ:9*»S 
tffc. JRJItiiftO. 5jumi: US. r/Hrff 

(Ar) JR8WiJ3»V»'C4 3 0X;'C1 0-frE, Ta^fy 
^ (a 1 1 oy i ng> ffla^ttUts nJBtf-S >y ? 
10 m 1 Ofc&U:. 

[0026] 7D-( ( a 1 1 o y ) «Uiat*-jTtt, 
±I£ON i JK1 0 6l4KfeStl, Wi^rfWM 
Siifc. Ciiiii, NiJRl0 6(^>iJi&^iMiaS»lt 

1 0 7fc**SiUIW8teJ: 0 , N i BR 1 0 6jWRffc- 
»^(N i O) fc£»§*lfcfcftfc#£4>3h.*. 

[0 02 7] P*B««10 9£JlM*-S««Kfc 
£gftSsit#gH 1 0 8 7thVV757 4- 

mmmLxmmm&Ltz. m&awami o 

20 fcfwajctt , 8flai«JB£8tt-s T&m 1 o 9 a & t i 
t u jjBwi 0 9 b &a i b iizwatmnpfflm 

10 9ijm.Lt:. P«fffil0 9fi, 6&£*n2 0 

[0 028] pJgttSl0 9aVnJg*-S'y^«ffil 

1 0 2 0 5 y rv^r ( m a > nmfi&m. 

atfcti^, &jii 0 7^B&^js*^{2er-«(C5NS 

it1ft6 1 8nmtftofc, h/W$M& 

30 fc. ifeJSJl 1 0 6 <0E«t «t 0±»^ 5 y h'B 1 

0 5kJSJBl O7fc<0iak0*-S ?7«£ttfcm*Fi:& 
o^. i«)fcJ6 s Ji^mE (@20mA) 

2. (V) LEDiao* 

*[6]«E(i2. iv±o. 1 v<o%-*«fateraft§<i 

fc. 3m&mt%)6 6 5 >J*>f9 (rnc d ) fcSfiil, 

[0029] (itKW) %tt0f 1 tfBI8«0Xtr^df 
/^««it#:^Saia& : 3:'r (AU.7Gao.3l 
0.5 I no.5P±gf5?7>y H«^ffl±^, Ni (Ni 

40 o)jR&^ffi$wci«f, mam»tt*mxet 

Mi&SZltX* A 1 Ga I nPLEDSrfllkUfc. 

[0030] njfe^j 1 t=ea<^a(c i a i 

Ga I nPLEDIi W<3i$\W8iZ2 OmAt LizfeCD 

1 I-Vftft^iN»flcfl|jSJIi:<OlBIteAKii*^SES 
■frTV^V^fclftt, WJiiar<0*-S 'y^^Mtt*^ 

50 ^|jacO^A^^3feA<fStf>/ K ,ixl,tc5g#'^*^^. 
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(5) 



t*Bl2 0 0 1-36 1 3 1 



*t?2 0 m c d izm ->tz. *Jt«Wfc:IBt»< . £»■ 

SE# s te< . AVftOA 1 G a I n P L E D £f|* £>F 
[00 3 1] 

[%9I^HI] *»»te«fUr, AlGalnPLED 
4. 

[11] Hftffl 1 tct 5iB^ LED coBrffl^a-C^ 4 . 



10 



8 



10 A 1 Ga I n PLED 
2 0 «JIffijtf* 

101 GaAsm&ma 

102 GaAs^#Jl 

103 T»??yPfll 

104 mm 

105 IM??*/ KJ1 
10 6 

i o 7 mauM 

108 £SH 

109 P «ms 

109 a pJBWf&M 
109 b pff^€fiLh® 
110 



[01] 



1 0 



10 9a 



1 0 8 

1 0 7 

1 0 8 

1 0 5 

1 0 4 

1 0 3 

1 0 2' 

10 1' 



V 



10 9 

7 109b 



1 0 8 
.10 7 
10 6 



2 0 
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